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x + a ≥ c ax ≥ c 1
ax + b ≥ c ax + b ≤ c

3
2

1



1.1 1

a b c a < b a + c < b + c

≤, ≥, < > 

a ≤ b a b

≤
<

≥
>

d) –5 > –7 

a)

≤ ≥ < >

c)  –3 < 5 2 
–3 + 2 = –1 5 + 2 = 7 

f)  1.5 < 4 

b) 3.5 
≤ ≥

e)                 1 

a > b, a ≥ b, a ≤ b
c a b



1.1 

>, <, ≥ ≤

3 < 10 
7 

–6 > –9 
–2 2 

4.5 > 1  
1.2 

–3 < 1.9
2.7 

–3 < –1 

–0.5

≤ 

–0.25
≤

–1 < 5 
4 



< > 

1.2 2

a b c a < b
1. c > 0 ac < bc

d) 8 > –5

8(–4) = –32 –5(–4) = 20

f) –11 < –7 

a > b a ≥ b a ≤ b

b) a) 
–5 < 4 3 

c) –3 > –9 10 a) 2 < 5 4 
2(4) = 8 5(4) = 20 

d) 6 > 3

6(–2) = –12 3(–2) = –6 

2. c d c < d < >

3. a
a) a >1 a2  > a b) a < 1 a2 < a

2. c < 0 ac > bc

1. 



1.2 

0
1.1

1

8 < 11 

(3) 

(5.6) 

a > 1 a
a > 0

a(a) > a(1) a2 > a

a < 1 a
a > 0

a(a) < a(1) a2 < a

(–7) 

(–2) 

(–1) 

6 > –4 –10 < –5 

–3 > –7 



6x 7.20 m2

7.20 m2

6x ≤ 7.20

2.1 

x 2
2x

2 7.20m2

1.
a) 1 15
b) MARN 2015

11 4000
c) 3 1 2 28
d) 500 1

3,500

2.



2.1

7

1d) x 500x

2. x y

1
2 2

1a) 1 15 75
x x ≤ 75

1b) 2015 4,000
2015 x 11x

1c) 2 
28 x 3x

y



3

2.2 1

x

–1
x + 4 ≥ 3 

x ≥ –1 x + 4 ≥ 3

b c x + b ≥ c x + b ≤ c,
x ≥ d x ≤ d

–b
1. x + b ≥ c x ≥ c – b

x [c – b, ∞[

1.1
4 

4 

x ≥ –1 x + 4 ≥ 3 x ≥ –1 
x [–1, ∞[.

b) 5 

5

x – 5 < 2 x < 7 x ]–∞, 7[ 

x + b > c x + b < c
c – b

2. x + b ≤ c x ≤ c – b x ]–∞, c – b] 

2. 1.1
x + b ≤ c x ]–∞ c – b] 

4 

a) 4 3 3 x + 4 = 3 4 
3 

1. 



2.2  x + b ≥ c x + b ≤ c

x + b ≥ c x + b ≤ c
> <

1.1

a)
1.1

b)

1f) 0 ≥ x + 8 x ]–∞, –8] 

x – 3 > –8 x ]–5 ∞[ 

2 2

 
1j) 

2. b x + b ≤ c
x + b – b ≤ c – b –b

x ≤ c – b
x + b ≤ c x ≤ c – b x ]–∞, c – b]

x + 7 ≥ 10 x [3 ∞[ 

x – 2 < 11 x ]–∞ 13[ 

1e) x – 6 ≥ 0 x [6 ∞[ 

x + 4 ≤ –6 x ]–∞ –10] 



2.3 2

2. x 

x

3x > 12 x > 4 x ]4 +∞[ 

a) x > d d

b) ≤ ≥

1. a ax ≥ c ax ≤ c ax > c ax < c

2. a ax ≥ c ax ≤ c

–5x ≤ –10 x ≥ 2 x [2 +∞[ 

a ax ≥ c ax ≤ c a



2.3 ax ≥ c ax ≤ c

ax ≥ c
ax ≤ c > < 1.2

a a

1e) x ]–∞, 0] –8x ≥ 0 

1i)  x ]–∞, –9] 

1f) x ]–∞, 0] 0 ≥ 5x

2x ≤ 6 

–3x > –33 

4x ≥ 24 

x ]–∞, –2[
–14 > 7x 7x < –14

1g)                          –4x < 18 1h)         5x > –1 

1j) 

1k) 1l)   

]3, ∞[ x + 2 > –3 3x > 9 x ]3, ∞[ 

2b) x [7, ∞[ x – 5 ≥ 2 ]–∞, –5[ –2x > 10 [7, ∞[
]–∞,–5[ x – 5 ≥ 2

–2x > 10

2c) x ]–∞, –3[ x + 4 < 1 ]–6, ∞[ 5x > –30 ]–∞, –3[ ]–6, ∞[
]–6 , –3[ x + 4 < 1 5x > –30 x ]–6 , –3[

2a) x ]–5, ∞[ x + 2 > –3 x ]3, ∞[ 3x > 9 
x

]–5 ∞[ ]3 ∞[ 



3

2.4 3

1. 

2. x

•

• mx ≤ n x 1 n m

5 
2x

1. mx ≥ n mx ≤ n
2. 1 m

x 1 

a) x > d

7 

2x + 7 > – 9 x ]–8, ∞[ 

b) 6x – 5 ≤ 2x + 15 

6x – 5 ≤ 2x + 15 x ]–∞, 5] 



2.4 ax + b ≥ 0 ax + b ≤ 0 

ax + b ≥ 0 ax + b ≤ 0

> <
mx ≥ n

x ]–∞ 4[ 
3x – 4 < 8 

x ]–∞, 1[ 
4x + 9 < 2x + 11 

3x < 12 

x ]3, ∞[ 
7x – 24 > – x

x [–2, ∞[ 
2 ≤ 5x + 12

1e) x [–5, ∞[ 2x – 1 ≤ 5x + 14 

1i) x [–2, ∞[ 6x + 3 ≥ 4x – 1 

1f) x [4, ∞[ 3x – 2 ≥ x + 6 

1g) x – 4 ≤ – 2x – 9 1h)                     3x + 16 < 7x + 2 

1j) 

1k) 1l) 

2a) x ]–∞ –3x > 0 x ]1, ∞[ 0[ 2x – 5> –3 

2b)  x [2, ∞[ x + 4 ≤ 3x x ]8, ∞[ 5x – 1 > 4x + 7 
]8, ∞[ x + 4 ≤ 3x 5x – 1 > 4x + 7 x ]8, ∞[ 

2c)  x ]–3 3x + 7 > – x – 5 x ]–∞, 2[ –2x > 3x – 10 
]–3, 2[ 3x + 7 > – x – 5 –2x > 3x – 10 x ]–3, 2[ 

–3x > 0 2x – 5> –3



2.5 

2. a ≠ 0 ax + b ≥ 0 ax + b ≤ 0 y = ax + b

y = 2x – 4 
1.

2. y ≥ 0 y = 2x – 4 x

3. x 2x – 4 ≥ 0 

2. y ≥ 0 x y = 2 x – 4 x

x ≥ 2 y ≥ 0 x [2
+∞[

3. 2x – 4 ≥ 0 x ≥ 2 

ax + b ≥ 0 ax + b ≤ 0 x
y = ax + b x ax + b ≥ 0 x

ax + b ≤ 0 x

1. y (0, –4) x y = 0 

(0, –4) (2, 0) 

y = ax + b
(0, b) (x, 0)

y = 0
x

> <
y = ax + b

3. a ax + b < 0 

1. 



2.5 f(x) = ax + b

ax + b ≥ 0
x y = ax + b x

ax + b > 0 ax + b ≤ 0
ax + b < 0

1a) y = –2x + 6 y = –2x + 6 x x
y y = –2x + 6 (0, 6) x

y = 0

1b) y = 5x – 5 y = 5x – 5 x x y
(0, –5) x (1, 0)

x > 1 y = 5x – 5 > 0 x ]1, ∞[

21c) 1a 1b x ≤ –2 x ]–∞, –2]

2. a ≠ 0 y = ax + b y = ax + b ≥ 0 y = ax + b ≤ 0
y = ax + b x x

x (a ≠ 0) y = ax + b ≥ 0
y = ax + b ≤ 0 x

3. ax + b < 0 

x y = –2x + 6 (3, 0)
x > 3 y = –2x + 6 < 0

x ]3, ∞[

–b
a > 0 

ax + b < 0 
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2.6

B A 2 3

10

A B
A 1 9.50

45 B 1 12.50
43.50

A B

x A

x B

B < A

1.
2.
3.

1. MARN 2015
11 4,000

2. x y km y = 70x 315 

3. 2017 8 71 F
71 31 C 31

C F
2017 20 C



2.6 

1. 2015 x x
11x 4,000

x + 11x > 4,000

2015 334 

2. 315 km 315 km 
y = 70x ≥ 315 

315 km 4.5 4 30 

3. 20 C C ≥ 20 
F

68 F 



2.7  

1. 

2. 

g) ABC AB BC 2
CA BC 34

3.
a) 28 

b) 2017 717 1 2

c) 2017 8 1 50 58 1 
100 1 

• 1 50 

• 1 58 

d) 15 6 7
1 19 10

e) 6,000 3
1,080

f) 3 4. 105

• BC 
• AB 
• CA 



2.7 

1a) x ]–∞, 1[ 5x – 7 < – 2x

1c) x [–24, ∞[ – 4x + 9 ≥ – 5x – 15 

1b) x ]–∞, 5] 3x + 11 ≥ 8x – 14 

1d)                          –x – 10 < 9x – 8 

1e) 2x – 6 ≥ 4x + 5 1f)     

1i) 

3a) 4x < 28 2.1 1c x < 7
6

3b) x 2017 2x
x + 2x ≤ 717 x ≤ 239

239
3c) 1 50 1 0.51 1 58 

1 0.59 
3d) 1 37 
3e) 6,000 7 
3f) 22.5 30 
3g) BC cm x AB x + 2 CA 2x

34 cm x + (x + 2) + 2x ≤ 34 x ≤ 8
BC 8 cm AB 10 cm CA 16 cm

2a) y =  –3x +  12 
(0, 12) (4, 0) 

1l) 1l) 

1j) 

2c) 
(0, –2) (6, 0)

2b)  y = 4x + 8 (0, 8) 
(–2, 0) 



1. 8 cm 2. 
5 cm 

3. 1 4. 7 cm
2 3

2. 1 

a) a + b, b + c a + c
b) a + b > c, b + c > a a + c > b

5. 8 cm
5 7 8

1. a b c

-
-

5 7 8 



3.1 

c = 15 cm a = 8 cm b = 10 cm

c = 7 cm a = 3 cm b = 4 cm c = 15 cm a = 6 cm b = 8 cm 

7 cm

2b) 
• 9 cm > 6 cm (a + b > c), 11 cm > 4 cm (b + c > a) 10 cm > 5 cm (a + c > b)

a + b > c, b + c > a a + c > b
• 18 cm > 15 cm (a + b > c), 25 cm > 8 cm (b + c > a) 23 cm > 10 cm (a + c > b)

a + b > c, b + c > a a + c > b
• a + b = 7 cm a + b = c ( a + b > c
• 14 cm < 15 cm a + b < c ( a + b > c )

c = 6 cm a = 4 cm b = 5 cm

• a = 4 cm, b = 5 cm, c = 6 cm a + b = 9 cm, b + c = 11 cm, a + c = 10 cm. 
• a = 8 cm, b = 10 cm, c = 15 cm a + b = 18 cm, b + c = 25 cm, a + c = 23 cm.
• a = 3 cm, b = 4 cm, c = 7 cm a + b = 7 cm, b + c = 11 cm, a + c = 10 cm.
• a = 6 cm, b = 8 cm, c = 15 cm a + b = 14 cm, b + c = 23 cm, a + c = 21 cm.



3.2 1 *

a = 10 cm b = 4 cm c a b c
c

a
b

a = 10 cm b = 4 cm
a

c a – b = 6 cm

c a + b = 14 cm
a

c 6 cm 
14 cm 

1.
a) 9 14 
b) 3 11 
c) 13 7 

2. 14 cm 30 cm 16cm 

a, b
c b ≥ c

c 6 cm 14 cm 



3.2 

3.1

1a) c

5 cm 23 cm 

1b) 1a) c

8 cm 14 cm 

1c) c

6 cm 20 cm 

2. a = 14 cm, b = 30 cm c = 16 cm a + c = 30 cm a + c = b 3.2

a c b
14 cm 30 cm 16 cm



3.3 2 *

2. a < 0, b ≥ 0 a + b ≥ 0 |a + b| ≤ |a| + |b| 

3. a b c
|a + b + c| ≤ |a| + |b| + |c|.

• a + b < 0 

• a + b ≥ 0 

a b

a) 1 a ≥ 0 b ≥ 0 |a| = a, |b| = b a + b ≥ 0; 
|a + b| = a + b = |a| + |b|

|a + b| ≤ |a| + |b|

b) 2 a < 0 b ≥ 0 |a| = –a, |b| = b |a| + |b| = (–a) + b

c) 3 a < 0 b < 0 |a| = –a |b| = –b a b

|a + b| ≤ |a| + |b|

–b < b b (–a) + (–b) < (–a) + b
|a + b| ≤ |a| + |b|

a ≥ 0 b < 0 2 

a ba b a ≤ b

a b |a + b| ≤ |a| + |b| 

1. a b

b = 7
b = – 13

b = – 6

b = 10
b = 4

b = – 6
b = 8



3.3 a b |a + b| ≤ |a| + |b| 

a b 3

1e) |a + b| = |–4 + 4| = 0  |a| = 4, |b| = 4 
|a| + |b| = 8 0 ≤ 8

1f) |a + b| = |8 + 8| = 16 |a| = 8, |b| = 8 
|a| + |b| = 16 16 ≤ 16

16 ≤ 16 
|a + b| ≤ |a| + |b|

11 ≤ 11 2 ≤ 24

2 ≤ 18 
|a + b| ≤ |a| + |b|

6 ≤ 6

2. a b a < 0, b ≥ 0 a + b ≥ 0 |a| = –a, |b| = b
|a + b| = a + b a < –a a a + b < –a + b
|a + b| ≤ |a| + |b|

3. a, b c a + b + c = (a + b) + c
|a + b + c| = |(a + b) + c| ≤ |a + b| + |c|

|a + b| ≤ |a| + |b| |a + b| + |c| ≤ |a| + |b| + |c|
|a + b + c| ≤ |a| + |b| + |c|.



3.4

1. x = 0 x2 = 0 x x > 0 x < 0 

1 ,

,

1. x x2 ≥ 0 
2. a b

a) x > 0 x < 0
b) x a)

a b

1. a a2 ≥ 0 a = 0 
2. a b

2.
a) x
b) a b

a b a b

x x2 ≥ 0 

2. x

1. a b

x ≥ 0

x < 0

b = 30b = 49
b = 18

b = 90
b = 4



3.4 

(x2≥ 0) 2 2 a
b

6.5 ≥ 6 13 ≥ 12

50 ≥ 30

37 ≥ 35.

x

a b

a = 1 b = x

a b



a b a ≠ 0 

3.5 

x > 0 

x > 0 x ]0, +∞[ 

b) 

x < 1 x ]–∞, 1[ 

1. ax + b > 0 

2. ax + b < 0 

–1 

2x + 3 > 0 

≥  ≤

h) i)

x

a) x x = 0 



3.5 

x ]–∞, 5[ 

5x + 6 < 0 

–1 -1 

x ]–4, ∞[ 

x ]1, ∞[ 

h

x < –3 x ]–∞, –3[ 

x > –5 
x ]–5, ∞[

h) i) 



3.6 

1. 

2. x

5. 

3.
a)

8.0 4

b) A 24.00
0.30 B 25.00 0.25

A B

c)
x C

R ( ) R = 140x.

4. a, b c

1 7.6
2 8.0
3 8.2

x > 0 
a, b x

3.2 



5x – 3 > 4x – 5 x ]–2, ∞[ –2x + 5 ≤ –3x + 8 x ]–∞, 3] 

]–2, 3] 5x – 3 > 4x – 5 –2x + 5 ≤ –3x
+ 8 x ]–2, 3] 

2b) 7x – 6 < 5x – 16 x ]–∞, –5[ x + 11 ≥ –x – 15 
x [–13, ∞[ 

3.6 



[–13, –5[ 7x – 6 < 5x – 16 x + 11 ≥ –x – 15 x
[–13, –5[ 

2c) 3x – 7 < 5x + 1 x ]–4, ∞[ 6x > 3x + 1 
2a) 2b) x

2d) –2x – 3 ≤ x – 5 3x – 1 ≥ 4x + 7 x ]–∞, –8] 
2a) 2b) 

x 

3a) 4 x 8.0 

8.2 

3b) x A 24 + 0.3x B 
25 + 0.25x A B 

20 A B 

3c) R > C 140x > 90x + 1 000 

21

4. a, b c b + c, a + c a + c
3.2 a < b + c, b < a + c c < a + b

a < b + c b + c

5a)  x 5b) a, b x ax
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6
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• GeoGebra

4 I
• n
•

5 II
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• GeoGebra

3 1 2

3
8 

•
• 2
•

4 y = ax2 + c
9 

• y = ax2

• y = ax2 + c

f(x) = ax3



1.

1 1.

1 2.

1 3.

2.

1 1.

1 2. f(x) = a(x – h)2 h > 0 

1 3. f(x) = a(x – h)2 h < 0 

1 4. f(x) = a(x – h)2 + k 1

1 5. f(x) = a(x – h)2 + k 2

1 6. f(x) = ax2 + bx

1 7. f(x) = x2 + bx + c

1 8. f(x) = ax2 + bx + c

1 9.

2 10.

1 1 2

3.
1 1.

1 2.



1 3.

1 4.

1 5. y

1 6. x

1 7. ax2 + bx + c ≥ 0 a > 0 1

1 9. ax2 + bx + c ≤ 0 a > 0

1 10. a < 0

1 11. 1

1 12. 2

1 13.

4.

1 1. f(x) = x3

1 2. f(x) = ax3 a > 0

1 3. f(x) = - ax3 a > 0

1 4.

1 5.



1 6.

1 7.

1 8.

1 9.

1 10.

5. GeoGebra

1 1.

1 2.

1 3.

1 3 4

2 2

40 + 1 2 + 3 4 + 1 



1
f(x)

2
8 9 f(x) = ax2 + c

f(x) = ax2 g(x) = a(x – h)2 + k

a(x – h)2 + k

3

4
f(x) = ax3

5 GeoGebra
GeoGebra

(x, f(x))



1.1 

A B 2 A x
B y B A

B A f A B, A
x B y

y f(x) x

x = –3 y = – 16

x y

y = 1
x = 10 y = 55

2
f(x) = ax + b f(x) = ax2 + c

x y

g(x) h(x)

x = m f(m) x m f

f(x) 

x 1 x = –5 f(–5)
x = 2 f(2)

f(–5) = 17 f(2) = 14

f(x) f x
x

1. x f(x) 

2. f(x) = 2x – 3 f(x) = 5 x

3. f(x) = 4x2 + 5 f(x) = 11 x

x y



1.1 x f(x) 

3 y = ax + b
y = ax2 + c f(x)

2
g(x) h(x) f(x) = ax2 + c

8 9

1a) x = 0 f(0) 
x = 0 

1c) x = 6 

1e) x = –1 

f(–1) = 5

1f) x = 2 

1d) x = 3 

f(3) = –45

1b) x = 1 f(1) 
x = 1 

2. f(x) = 2x – 3 2x – 3 = 5 

f(x) = 5 x 4 

f(0) = 4

f(6) = –1

x

f(2) = –4

f(1) = –2

3. f(x) = 4x2 + 5 4x2 + 5 = 11

f(x) f x



4

1.2 

f(x) = – 2x g(x) = 2x2 

1. f g

1. f
x 1 x = 1 f(x) 2

f(x) = – 2x

2. 3 f g 1

2. f g

3. f g

g
x = –1 g(–1) = 2(–1)2 = 2

g (–1, 2) x = 1 g(1) = 2(1)2 = 2
(1, 2) g(x) = 2x2



3. f g
1 

x I I 1

x y
x x

f(x) g(x)



1.2 

1

a) 1 b) 1 

2

c) d) 

f(x) = ax2 + c



4

1.3 *

(0,0) 

1. f(x) = 3x2

f(x) x x f(x)

2. y = f(x) x = 0
x f(x)

f(x)
0 [0, ∞[

f(x) = 3x2  

1. x f(x) 
2. f(x) 

f Df f(x) x f Rf

f(x)

f(x) = ax2

a
1. a > 0 Rf = [0, ∞[
2. a < 0 Rf = ]–∞, 0]

2.  

1. 



1.3  f(x) = ax2 

2
f(x) = ax2 + c

Df Rf

1a) 
f(x) = ax + b b = 4 Df = 

Rf = 

1b) f(x) = –10x + 3
f(x) = ax + b a = –10 b = 3

Df = Rf =

1c) f(x) = –x – 5 
Df = Rf = 

1d) f(x) = x2 f(x) = ax2 a = 1
Df = a > 0 Rf = [0, ∞[

1e) f(x) = 2x2 f(x) = ax2

a = 2 Df = a > 0 
Rf = [0, ∞[ 

1f) f(x) = –x2 f(x) = ax2 a = –1
Df = a < 0 Rf = ]–∞, 0]

1g) 1f) f(x) = –3x2

a = –3 Df = Rf = ]–∞, 0] 
1h) 1e) f(x) = 3x2

a = 3 Df = Rf = [0, ∞[ 

1i) 1f) f(x) = –2x2 a = –2 Df = Rf = ]–∞, 0] 

1

2. f(x) 
(0, 0) x y

Df = [0, ∞[ Rf = [0, ∞[ 



2.1 

f(x) = 2x2 

2.  g h f

Dh = Rh = [–2, ∞[

h(x) = 2x2 – 2 
f(x) = 2x2 1 -2 

f (0, 0) h (0, -2)
(–1, 2) (1, 2) f (–1, 0) (1, 0) h

1. g(x) = 2x2 + 3 h(x) = 2x2 – 2
?

1. g(x) = 2x2 + 3 f(x) = 2x2 +3 

f (0, 0) g (0, 3)
(–1, 2) (1, 2) f (–1, 5) (1, 5) g

Dg = Rg = [3, ∞[

g(x) f 1
+3 h

?



2. f(x) = 2x2

a) g(x) = 2x2 + 3 
f(x) = 2x2 1 +3 

b) h(x) = 2x2 – 2 
f(x) = 2x2 1 -2 

c) f(x) = x2 g(x) = x2 + 2 d) f(x) = –x2 g(x) = – x2 – 3

f(x) 0 k g(x) = f(x) + k f
1 k k > 0 k < 0

f(x) = ax2 g(x) = ax2 + k (0, k)

1. a > 0 Rf = [k,∞[

2. a < 0 Rf = ]–∞, k]

f(x) g(x)

a) f(x) = x g(x) = x + 1 b) f(x) = – 2x g(x) = – 2x – 3



2.1 g(x) = ax + b f(x) = ax2 + c

f(x) = ax2 + c

a) f 1 +1
g

b) f 1 -3
g

Dg = Rg = [2, ∞[ Dg = Rg = ]-∞, -3] 

Dg = Rg = 

d) f 1 -3 
g

‒3

Dg = Rg = 

c) f 1 +2 
g



2.2 f(x) = a(x – h)2, h > 0 

f(x) = 2x2 

1. g(x) = 2(x – 1)2 

2. g ? g
?

3. g f ?

g

1.

x g(x) 
f(x – 1) x = 0 

g

2. g (1, 0) Dg = Rg = [0, ∞[ 

3. f(x) = 2x2 1 +1 g(x) = 2(x – 1)2

f(x) = ax2 a 0 h > 0 

f 1 h (h,0) Dg = 
1. a > 0 Rg = [0, ∞[ 2. a < 0 Rg = ]–∞, 0]

f(x) g(x) g



2.2 g(x) = a(x – h)2 h > 0 
f(x) = ax2 

f(x) = ax2

g(x) = f(x – h) = a(x – h)2 f
h

a) f(x) = x2 

1 +2 
g(x) = (x – 2)2 

c) f(x) = 2x2 1 +2
g(x) = 2(x – 2)2

d) f(x) = – 2x2 1 +3
g(x) = –2(x – 3)2

b) f(x) = – x2 1 +1
g(x) = (x – 1)2

(2, 0) Dg = Rg = [0, ∞[ 

(2, 0) Dg = Rg = [0, ∞[ 

(1, 0) Dg = Rg = ]-∞, 0] 

(3, 0) Dg = Rg = ]–∞, 0] 



2.3 f(x) = a(x – h)2, h < 0 

f(x) = 2x2 

1. g(x) = 2(x + 1)2 

g

2. g ? g
?

3. g f ?

1. 

2. g (–1, 0) Dg = Rg = [0, + ∞[ 

3. f(x) = 2x2 1 –1 g(x) = 2(x + 1)2

x
g(x) f(x + 1) x = 0 

g

f(x) = ax2 a 0 h < 0 

f 1 h (h,0) Dg = 
1. a > 0 Rg = [0, ∞[ 2. a < 0 Rg = 

g
g(x) = 2[x – (–1)]2

f(x) g(x) g



2.3 g(x) = a(x – h)2 h < 0 
f(x) = ax2 

1 3
f(x) = ax2

g(x) = f(x – h) = a(x – h)2

f
h

a) f(x) = x2 1 –2 
g(x) = (x + 2)2 

b) f(x) = –x2 1 –2
g(x) = –(x + 1)2

(–2, 0) Dg = Rg = [0, ∞[ (–1, 0) Dg = Rg = ]–∞, 0] 

c) f(x) = 2x2 1 –2
g(x) = 2(x + 2)2

(–2, 0) Dg = Rg = [0, ∞[ (–3, 0) Dg = Rg = ]–∞, 0] 

d) f(x) = –2x2 1 –3
g(x) = –2(x + 3)2



2.4 f(x) = a(x – h)2 + k

f(x) = 2(x – 1)2 

1 21. g1(x) = 2(x – 1)2 + 3 g2(x) = 2(x – 1)2 – 4 
f

2. 

g(x) = f(x) + k f 1 k
k k

1. f(x) + k
1 k

g1(x) = 2(x – 1)2 + 3, k = 3 f
1 +3 g1

g2(x)  = 2(x – 1)2  – 4, k = – 4 f
1 – 4 g2

g2 (1, –4) Dg2 = 
Rg2 = [–4, ∞[ 

2. g1 (1, 3) Dg1 = Rg1 = [3, ∞[ 

f(x) = a(x – h)2 a h a 0

k f 1 k k > 0
k < 0 g (h, k) Dg =

1. a > 0 Rg = [k, ∞[ 2. a < 0 Rg = ]–∞, k]

f(x) g(x) g



2.4 g(x) = a(x – h)2 + k
f(x) = a(x – h)2

1
f(x) = a(x – h)2

2.1
g(x) = a(x – h)2 + k

a) f(x) = (x – 2)2 1 +3
g(x) = (x – 2)2 + 3

(2, 3) Dg = Rg = [3, ∞[ 

c) g

(1, 2) Dg = Rg = ]–∞, 2] 

b) f(x) = – (x – 1)2 1 +2
g(x) = – (x – 1)2 + 2

d) g

(–2, –1) Dg = 
Rg = [–1, ∞[ 

(–3, –4) Dg = 
Rg = ]–∞, –4] 

f 2.2 2.3 



2.5 f(x) = a(x – h)2 + k

1. g f(x – h) + k
h = 3

k = –1

f 1 +3
1 –1 g

2. g (3, –1) Dg = 
Rg = ]–∞, –1] 

f(x) = –2x2 

1. g(x) = – 2(x – 3)2  – 1 g
f

2. g

f(x) = ax2 a 0

f 1 h 1 k g
(h, k) Dg = 

1. a > 0 Rg = [k, ∞[ 2. a < 0 Rg = ]–∞, k] 

f(x) g(x) g



2.5 g(x) = a(x – h)2 + k
f(x) = ax2

1
g(x) = a(x – h)2 + k
f(x) = ax2

a) h = –1 k = 2 f
1 –1

1 +2 g

c) h = 2 k = 1 f
1 +2

1 +1 g

b) h = –3 k = –3 f
1 –3

1 –3 g

(–1, 2) Dg = Rg = [–2, ∞[ (–3, –3) Dg = 
Rg = ]–∞, –3] 

(2, 1) Dg = Rg = [1, ∞[ (4, –2) Dg = 
Rg = ]–∞, –2] 

d) h = 4 k = –2 f
1 +4 1

–2 g



2.6 f(x) = ax2 + bx *

a) f

b) g

f a(x – h)2 + k Df = , Rf = [–9, ∞[
(3, –9)

g a(x – h)2 + k Dg = , Rg = ]–∞, 2] 
(–1, 2) 

f(x) = (x – 3)2 – 9 h(x) = x2 1
+3 1 –9

g(x) = –2(x + 1)2 + 2 h(x) = –2x2

1 –1 1 +2

f(x) = ax2 + bx f a(x – h)2 + k
a > 0 a < 0

f



2.6 f(x) = ax2 + bx

a) f(x) = x2 – 4x

f(x) = (x – 2)2 – 4 (2, –4) 
Df = , Rf = [–4, ∞[ 

f(x) = – (x – 1)2 + 1 (1, 1) 
Df = , Rf = ]–∞, 1] 

f(x) = 3(x + 1)2 – 3 (–1, –3) 
Df = , Rf = [–3, ∞[ 

b) f(x) = –x2 + 2x

c) f(x) = 3x2 + 6x

y = x2 1
+2 1

– 4 f(x) = (x – 2)2 – 4

y = –x2 1
+1 1

+1 f(x) = –(x – 1)2 + 1

y = 3x2 1
–1 1

– 3 f(x) = 3(x + 1)2 – 3

ax2 + bx
2.7 2.8



2.7 f(x) = x2 + bx + c

f

f (x – h)2 + k Df = , Rf = [5, ∞[
(2, 5)

f(x) = (x – 2)2 + 5 y = x2 1 +2 
1 +5 

f(x) = x2 + bx + c f (x – h)2 + k

f

f



2.7 f(x) = x2 + bx + c

x2 1

a) f(x) = x2 + 2x – 2 

c) d)

b) f(x) = x2 + 4x + 5 

(–2, 1) Df = , 
Rf = [1, ∞[ 

(–1, –3) Df = , 
Rf = [–3, ∞[ 

(3, –2) Df = , 
Rf = [–2, ∞[ 

(4, 2) Df = , 
Rf = [2, ∞[ 



2.8 f(x) = ax2 + bx + c

f

f

f a(x – h)2 + k Df = , Rf = ]–∞, 2]
(–3, 2)

f(x) = – 2(x + 3)2 + 2 y = – 2x2 1 –3 1 +2

f(x) = ax2 + bx + c a b c a 0

f a(x – h)2 + k
(h, k) a > 0 a < 0

( ) a (h, k) y

1. a > 0 Rg = [k, ∞[ 2. a < 0 Rg = ]–∞, k] 

f



2.8 f(x) = ax2 + bx + c

2.7 x2 1

a) f(x) = – x2 + 8x – 13 b) f(x) = 3x2 + 12x + 11

(4, 3) Df = , Rf = ]–∞, 3] (–2, –1) Df = , 
Rf = [–1, ∞[ 

c) 
f(x) = 2(x – 5)2 – 6 

(5, –6) Df = , Rf = [–6, ∞[ 

d)

(1, 2) Df = , Rf = ]–∞, 2] 



f(x) = – 3(x – 4)2 + 5 

f(x) = –3x2 + 24x – 43

f

f
1. f (4, 5) (2, –7)
2. f ax2 + bx (–1, –10) (–4, –16) 

2.9 

(1) h k

(2, –7) x =2 f(2) = –7 a

f(x) = – 3(x – 4)2  + 5

2. f(x) = ax2 + bx f (–1, –10) x = –1 
f(–1) = –10 a

x = –4 f(–4) = –16 (2) a b

f(x) = 2x2 + 12x

f a(x – h)2  +  k ax2  + bx + c
f a(x – h)2  +  k

1. f
a) f (–2, 1) (0, 5) 
b) f (3, –6) (4, –8)
c) f ax2 + bx (8, 0) (2, –12) 

2. f (–2, 8) (0, 2) (2, 4) 



2.9 

1a) f a(x – h)2 + k
f(x) = a(x – h)2 + k h = –2 k = 1 f(x) = a(x + 2)2 + 1

(0, 5) f(0) = 5

f(x) = (x + 2)2 + 1

1b) 1a) f(x) = a(x – h)2 + k h = 3 k = –6 f(x) = a(x – 3)2 – 6 (4, –8)
f(4) = –8

f(x) = –2(x – 3)2 – 6

1c) f(x) = ax2 + bx (8, 0) (2, –12) f(8) = 0 f(2) = –12

b = –8 f(x) = x2 – 8x

2. (–2, 8) (0, 2) (2, 4) 
f(x) = ax2 + bx + c f(0) = 2 

f(x) = ax2 + bx + 2 f(–2) = 8 f(2) = 4

b = –1 f(x) = x2 – x + 2

(0, 2)



2.10 

f g

a) f(x) = x2   g(x) = x2 + 3 b) f(x) = – x2  g(x) = – x2 + 2

c) f(x) = 2x2 g(x) = 2x2 – 1

e) f(x) = 3x2 g(x) = 3(x – 4)2

d) f(x) = – 2x2 g(x) = – 2x2 – 3

f) f(x) = – 2x2 g(x) = – 2(x – 1)2



a) f(x) = x2 1 +3
g(x) = x2 + 3

g (0, 3) Dg = 
Rg = [3, ∞[ 

c) f(x) = 2x2 1 –1
g(x) = 2x2 – 1

g (0, 2) Dg = 
Rg = ]–∞, 2] 

d)  f(x) = –2x2 1 – 3 
g(x) = –2x2 – 3 

b) f(x) = –x2 1 +2 
g(x) = – x2 + 2 

g (0, –1) Dg = 
Rg = [–1, ∞[ 

e) f(x) = 3x2 1 +4 

g (4, 0) Dg = Rg
= [0, ∞[ 

g (1, 0) Dg = 
Rg = ]–∞, 0] 

g (0, –3) Dg = 
Rg = ]–∞, –3] 

f) f(x) = –2x2 1 +1 

2.10 



2.11 

c) f(x) = x2 g(x) = (x – 4)2 + 2

3. f
a) f (0, 0) (2, 2) 
b) f (0, –1) (–1, –3)
c) f (3, 0) (2, 4) 
d) f (2, –5) (4, 3) 
e) f ax2 + bx (2, 0) (–1, 3) 
f) f ax2 + bx (1, –4) (4, 8) 
g) f (–2, 3) (0, –3) (1, 0) 

a) f(x) = 3x2 g(x) = 3(x + 2)2 b) f(x) = – 2x2 g(x) = – 2(x + 2)2

d) f(x) = – x2 g(x) = – (x + 1)2 + 3

2. f

1. f g



2.11 

(4, 2)

(–2, 0) (–2, 0)

(–1, 3)

2a) f(x) = –3(x – 1)2 + 3; 
(1, 3), Df = , Rf = ]–∞, 3].

2d) f(x) = (x – 1)2 + 1; 
(1, 1), Df = , Rf = [1, ∞[.

2g) f(x) = –(x + 2)2 – 3; 
(–2, –3), Df = , Rf = ]–∞, –3].

3a) (0, 0) f(x) = ax2

(2, 2) f(2) = 2
3b) (0, –1) f(x) = ax2 – 1.

f(–1) = –3 

3d) f(x) = a(x – 2)2 – 5; f(4) = 3, 

f(x) = 2(x – 2)2 – 5.
3f) f(x) = ax2 + bx; f(1) = –4 f(4) = 8

a = 2 b = –6; 
f(x) = 2x2 – 6x.

3c) f(x) = a(x – 3)2 f(2) = 4

f(x) = 4(x – 3)2.
3e) f(x) = ax2 + bx; f(2) = 0 f(–1) = 3

a = 1 b = –2
f(x) = x2 – 2x.

2b) f(x) = 5(x + 1)2 – 5; 
(–1, –5), Df = , Rf = [–5, ∞[.

2e) f(x) = (x + 1)2 + 1; 
(–1, 1), Df = , Rf = [1, ∞[.

2h) f(x) = 2(x – 3)2 – 5; 
(3, –5), Df = , Rf = [–5, ∞[.

2c) f(x) = –(x + 2)2 + 4; 
(–2, 4), Df = , Rf = ]–∞, 4].

2f) f(x) = (x – 5)2 – 2, 
(5, –2), Df = , Rf = [–2, ∞[.

2i) f(x) = –3(x + 1)2 + 5; 
(–1, 5), Df = , Rf = ]–∞, 5].

2. 



3.1 

f(x) = 2(x - 1)2 – 5 g(x) = - 2(x - 1)2 + 5 
1. – 1 ≤ x ≤ 1 f(x) g(x)
2. 1 ≤ x ≤ 3 f(x) g(x)

1. f(x) g(x) f (1,-5) 
g (1,5) x x [-1, 1] 

2. 

f x -1 1
f(x) f(-1) = 3

f(1) = -5

–5 ≤ f(x) ≤ 3

f x 1 3
f(x) f(1) = –5

f(3) = 3

–5 ≤ f(x) ≤ 3

g x -1 1
g(x) g(-1) = -3

g(1) = 5

-3 ≤ g(x) ≤ 5

g x 1 3
g(x) g(1) = 5

g(3) = –3

-3 ≤ g(x) ≤ 5

f [x1, x2] x x1 x2 f(x) f(x1)
f(x2) m n m ≤ n [x1, x2]
f(m) ≤ f(n) f [x1, x2 ] x x1
x2 f(x) f(x1) f(x2) m n m ≤ n
[x1, x2] f(m) ≥ f(n)

[x1, x2]

f f(x) 

f g



3.1 f(x)

(h, k) h

x 5 7 f(x) 0 4 
f(x) [5, 7] 0 ≤ f(x) ≤ 4 

x 2 3 f(x) –4 –1
f(x) [2, 3] –4 ≤ f(x) ≤ –1 x –5 –3 f(x) 12 4 

f(x) [–5, –3] 4 ≤ f(x) ≤ 12 

(a) f(x) = (x – 5)2 b) f(x) = –2x2 + 3

c) f(x) = – 3(x – 3)2 – 1

x 0 2 f(x) 3 -5 
f(x) [0, 2] –5 ≤ f(x) ≤ 3 

d) f(x) = (x + 2)2 + 3 



4

3.2 

f(x) = (x – 1)2 – 4 g(x) = –x2 – 4x – 1 
1. – 1 ≤ x ≤ 2 f(x)
2. – 4 ≤ x ≤ 1 g(x) 

f g

1. f(x) 
(1, -4) 

2. g a(x – h)2 + k

x x [–1, 2] x = -1
f(-1) = 0 x = 2 f(2) = -3; -3 ≤ f(x) ≤ 0

(-2, 3) x x
[–4, 1] x = –4 g(–4) = –1

x = 1 g(1) = –6; g(x) x = -2
g(–2) = 3

–6 ≤ g(x) ≤ 3

f(x) x = 1 f(1) = -4 
–4 ≤ f(x) ≤ 0 

f(x) = a(x - h)2 + k x1 ≤ h ≤ x2

1. a > 0 f(x) x = h
x x1 ≤ x ≤ x2 f(x1) < f(x2) k ≤ f(x) ≤ f(x2) f(x1) ≥ f(x2) 
k ≤ f(x) ≤ f(x1) 

2. a < 0 f(x) x = h
x x1 ≤ x ≤ x2 f(x1) < f(x2) f(x1) ≤ f(x) ≤ k f(x1) > f(x2) 
f(x2) ≤ f(x) ≤ k

f(x) 



3.2 f x f(x) 

f
a ≤ x ≤ b

f(a) ≤ f(x) ≤ f(b) f(b) ≤ f(x) ≤ f(a)

x (h, k) h
f(x)

a) d)
f

a) f(x) = (x – 5)2 (5, 0)
2 ≤ 5 ≤ 6

f(x) x = 5
f(2) = 9 f(6) = 1 f(2) > f(6)

0 ≤ f(x) ≤ 9

c) f(x) = –3(x – 3)2 – 1
(3, -1) 2 ≤ 3 ≤ 5

f(x) x = 3

f(2) = –4 f(5) = –13 f(2) > f(5)
–13 ≤ f(x) ≤ –1

e) f

(6, 1) x = 6 f(4) = f(8) = 9
1 ≤ f(x) ≤ 9

(–4, –2) x = –4 f(–6) = f(–2)

–6 ≤ f(x) ≤ –2

b) f(x) = –2x2 + 3 (0, 3)
–2 ≤ 0 ≤ 1

f(x) x = 0

f(–2) = –5 f(1) = 1 f(–2) < f(1)
–5 ≤ f(x) ≤ 3

d) f(x) = (x + 2)2 + 3 (–2,
3) –6 ≤ –2 ≤ 0

f(x) x = –2

f(–6) = 19 f(0) = 7 f(–6) > f(0)
3 ≤ f(x) ≤ 19

f) f



3.3 *

1
x f(x)

x x2 f(x)
f

f (1, 5.5) f(x)
x

1 5.5

f

x2 

2.
40 cm

cm

1. 
x

x 40 – 2x



3.3  

2. cm A(x)
A(x) 40 – 2x x

1 

10 

1. x f(x) = –5x2 + 6x + 1.4 x2 f

0.6 3.2 



4

3.4 *

ABC x 

AB2 = BC2 + CA2,
0 < x < 4

]

BC CA 4 – x x

AB2 AB f(x) = 2x2 – 8x + 16
x2 f(x)

(2, 8) ]0, 4[
x 2

x2

1. 20 2

2. 24 cm 2 2 4x 2
24 – 4x 2 x

f



3.4  

3.3 3.2
a(x – h)2 + k

1. x x – 20

f(x) 2

f(x) x2 f

x = 10 x – 20 = –10 20 10 –10

2. 4x 4x
(4x) 4 x 2 24 – 4x 2 24 – 4x

(24 – 4x) 4 = 6 – x 2 g(x)

x g(x) 
x2 g

2 x 3 



3.5  y

f y

b) f(x) = –2x2 – 12x – 18 y
(0, f(0))

a) f y x = 0 f(0)
f y (0, f(0))

f(x)=(x – 3)2 – 4 y (0, 5) 

f(x) = –2x2 – 12x – 18 y (0, –18) 

f y

f y 

f y (0, f(0)).
f f 1 y

2. y 2 

f y 1

1. f y



3.5  y 

8 y

y

1

1a) x = 0

f y
(0, –10) 

1c) x = 0

1b) x = 0

f y
(0, 2)

1d) x = 0

y (0, 7) 

1g) 

(0, –11) 

1i) 

1f) x = 0

y (0, 52)

y (0, 0) 

1e) x = 0 

y (0, –500) 

1h) 

(0,         )

(0,     )

2. x 1 f(x)
y

x = 0
f(0) 1



4

3.6  x

f x f x
2 0

a) f x 2 (x , 0) x
f 0

c) 

f x

f(x) = (x – 3)2 – 4 x (1 0) (5 0) 

b) f

f(x) = –2x2 – 12x – 18 x (–3, 0) 

f(x) = (x – 3)2 – 4

f(x)  =  –2x2 – 12x – 18

f x f

1. 2 x = x1 x = x2 f (x1, 0) (x2, 0) x
2. 1 x = x1 f (x1, 0) x

f x
3. f x

f x 



3.6  x

f x

a) 3x2 = 0 

f(x) = 3x2 x
(0, 0) 

c) – (x + 6)2 + 1 = 0

f(x) = – (x + 6)2 + 1 x
(–7, 0) (–5, 0)

e) – (x – 2)2 – 4 = 0 

f(x) = – (x – 2)2 – 4  x

g) 3x2 + 9x – 30 = 0

i) 2x2 – 12x + 23 = 0 

Δ < 0 2x2 – 12x + 23 = 0 f(x) = 2x2 – 12x + 23 
x

h) 

f) f(x) = x2 – 2x – 3 = 0 

d) (x – 5)2 – 9 = 0 

f(x) = (x – 5)2 – 9 x
(2, 0) (8, 0) 

b) – (x + 4)2 = 0 

x= –4

f(x) = –(x 4)2 x
(–4, 0) 

f(x) = x2 – 2x – 3 x
(–1, 0) (3, 0) 

f(x) = 3x2 + 9x – 30 x
(–5, 0) (2, 0)

x



3.7  ax2 + bx + c ≥ 0 a > 0 1 *

f (-3, 0) (1, 0) x x2

f(x) ≥ 0 x ≤ -3 x ≥ 1
x ≤ -3 ]-∞, -3] x ≥ 1 [1, +∞[ x ≤ -3
x ≥ 1

2. f f(x) ≥ 0 x

x

f(x) = x2 + 2x – 3 f(x) x f x x
x f(x) = 0

x 1 2 

ax2 + bx + c ≥ 0 a > 0 ax2 + bx + c ≥ 0 x
f(x) = ax2 + bx + c f(x) ≥ 0 f x x 

f x 2 (x1, 0) (x2, 0) x1 < x2 x ≤ x1 x ≥ x2 f(x) ≥ 0 
x ]–∞, x1] [x2, ∞[

1. x



3.7  f(x) ≥ 0 f x 2 

f(x) ≥ 0
3.6 ax2 + bx + c ≥ 0

a > 0 ax2 + bx + c = 0 2

1c) f(x) = 2x2 + 4x f(x) = 0 

x ≤ –2 x ≥ 0
f(x) = 2x2 + 4x ≥ 0

1b) f(x) = 4x2 – 9 1a) 
f(x) = 0 

f(x) = 4x2 – 9 ≥ 0 

x ≤ –6 x ≥ –1
f(x) = x2 + 7x + 6 ≥ 0

1d) f(x) = x2 – 10x + 21 f(x) = 0 

x ≤ 3 x ≥ 7
f(x) = x2 – 10x + 21 ≥ 0 

1h) x ≤ – x ≥ x2 – 8 ≥ 0  

1i) 9x2 – 5 ≥ 0 

1a) f(x) = x2 – 4 f x
f(x) = 0 

f (–2, 0) (2, 0) x
x ≤ –2

x ≥ 2 f(x) = x2 – 4 ≥ 0

1e) f(x) = x2 + x – 20 f(x) = 0 

x ≤ –5 x ≥ 4
f(x) = x2 + x – 20 ≥ 0

1g) x ≤ –5 x ≥ 9
x2 – 4x – 45 ≥ 0 

2. f(x) 0 –3 x 3 x –3, 3

1f) f(x) = x2 + 7x + 6 f(x) = 0 



4

3.8  ax2 + bx + c ≥ 0, a > 0 2 

f (3, 0) x
f(x) 3 x

x < 3 x > 3

b) f(x) = x2 – 2x + 2 f x

a(x – h)2 + k

x

1. f (h, 0) x x < h x > h f(x) > 0
x ]–∞, h[ ]h, ∞[

2. f x x f(x) > 0 f x

(1, 1)
x x f(x) >

0

x

a) f(x) = x2 – 6x + 9 f(x) = x2 – 6x + 9 > 0 f x x
f(x) = 0 x

ax2 + bx + c > 0, a > 0 f(x) = ax2 + bx + c



3.8  f(x) ≥ 0 f x 1 

ax2 + bx + c ≥ 0
ax2 + bx + c = 0

1 1

a) f(x) = 2x2 f x
(0, 0)
x < 0 x > 0 f(x) = 2x2 > 0

x = 0 2x2 = 0
0 2x2

x < 0 x > 0
2x2 > 0

c) f(x) = x2 + 4x + 4 f x
(–2, 0)

x < –2 x > –2
x2 + 4x + 4 > 0

e) f(x) = x2 + 2x + 3
(–1, 2) 2

x
x f(x) = x2 + 2x + 3 ≥ 0

f) (0, 0) 
x

d) f(x) = x2 – 14x + 49 f x
(7, 0)

x
f(x) = x2 – 14x + 49 ≥ 0

b) f(x) = x2 – 4x + 6 f (2, 2)
1

x
x f(x) = x2 – 4x + 6 > 0

f(x) = x2 – 4x + 6
x x2 – 4x + 6 = 0

Δ < 0
x f

x
x2 – 4x + 6 > 0



3.9  ax2 + bx + c ≤ 0, a > 0

x

a) f(x) = x2 + 2x – 3 f(x) = 0 f x 
x

b) f(x) = x2 – 6x + 9 f(x) = (x – 3)2

f(x) x
x 0

x = 3

–3 ≤ x ≤ 1 f(x) ≤ 0 

c) f(x) = x2 – 2x + 2 x f(x) > 0 x
f(x) = x2 – 2x + 2 < 0 

ax2 + bx + c ≤ 0 a > 0 ax2 + bx + c ≤ 0 x
f(x) = ax2 + bx + c f(x) ≤ 0 f x x

x

1. f x 2 (x1, 0) (x2, 0) x1 < x2 x1 ≤ x ≤ x2 f(x) ≤ 0 
x [x1, x2]

2. f (h, 0) x f(x) ≤ 0 x = h

3. f x f(x) ≤ 0 

ax2 + bx + c < 0 f(x) = 0 2 f(x) < 0 

x



3.9  f(x) ≤ 0 f

ax2 + bx + c ≤ 0
a f(x) = ax2 + bx + c

f x
2 1

a) f(x) = x2 – 4 x (–2, 0)
(2, 0)

f(x) = x2 – 4 ≤ 0 –2 ≤ x ≤ 2

c) f(x) = x2 – 10x + 21 x (3, 0)
(7, 0)

f(x) = x2 – 10x + 21 < 0 3 < x < 7

h) f(x) = x2 + 2x – 8 x (–4, 0)
(2, 0)

f(x) = x2 + 2x – 8 < 0 –4 < x < 2

i) f(x) = x2 + 8 (0, 8) x
f(x) = x2 + 8 ≤ 0

e) f(x) = 2x2 x (0, 0)

f(x) = 2x2 ≤ 0 x = 0

f) f(x) = x2 – 10x + 25 x (5, 0)

f(x) = x2 – 10x + 25 < 0

d) f(x) = x2 + 8x + 15 x (–5, 0)
(–3, 0)

f(x) = x2 + 8x + 15 < 0
–5 < x < –3

b) f(x) = x2 + 2x x (–2, 0)
(0, 0)

f(x) = x2 + 2x ≤ 0 –2 ≤ x ≤ 0

g) f(x) = x2 – 4x – 3 x

x2 – 4x – 3 = 0 

f(x) = x2 – 4x – 3 ≤ 0 



4

3.10  a < 0

x a < b c < 0 ac > bc

-1 

(1) f(x) = x2 – 4x + 3 x

x < 1 x > 3 x2 – 4x + 3 > 0 

x ]–∞, 1[ ]3, ∞[

2. f x

a 0 
a > 0 3.7, 3.8, 3.9 a < 0

-1 3.7, 3.8, 3.9

1. x



3.10 x2 

x2 1

1d) –1 x2 + 6x + 5 ≥ 0
f(x) = x2 + 6x + 5 f(x) = 0
x = –5 x = –1 f

f(x) ≥ 0 x ≤ –5
x ≥ –1
– x2 – 6x – 5 ≤ 0

1f) – x2 + 8x – 16 ≥ 0 x = 4

1h) – 2x2 – 1 > 0 

1a) -1 x2 – 2x – 15 ≥
0 f(x) = x2 – 2x – 15
f(x) = 0 x = –3 x = 5 f

f(x) ≥ 0 x ≤ –3
x ≥ 5

–x2 + 2x + 15 ≤ 0

1c) –1  x2 – 1 ≤ 0
f(x) = x2 – 1 f(x) = 0

x = –1 x = 1 f
f(x) ≤ 0 –1 ≤ x ≤ 1

– x2 + 1 ≥ 0

1e) –2x2 + 4x – 3 = –2(x – 1)2 – 1
–2x2 + 4x – 3 > 0

1g) – x2 – 4x – 4 < 0 x < –2 x > –2
x ]–∞, –2[ ]–2, ∞[ 

1i) – x2 + 5 > 0 

2b) f x
f(x) < 0

x

2a) f x
(–2, 0) f(x) ≤ 0

x

2c) f x
f(x) ≥

0

1b) –1 (x + 3)2 ≥ 0
f(x) = (x + 3)2 (–3, 0)

f(x) ≥ 0 x
–(x + 3)2≤ 0

x2 x
2 x2



3.11 1 *

–1 

–2
] –∞, –1[ x = –2 1 –2 + 1 = –1 2 2(–1) – 3 = –5

;

x + 1 > 0
x + 1

2x2 – x – 3

(x + 1)(2x – 3) > 0 0
x + 1 2x – 3



4

0 0 (x + 1)(2x – 3) > 0 x

]–∞, –1[ x + 1 2x – 3 "–"
"– " "+“

x1 x2 ax2 + bx + c x1 < x2 ax2 + bx + c > 0 ax2 + bx + c < 0 

1. ax2 + bx + c = pq p q x1 x2

2. ]-∞ x1[ ]x1 x2[ ]x2 ∞[ 

3. n 2 3 x = n p q
p q

4. p q ax2 + bx + c > 0 ax2 + bx + c
< 0

1. 

2. 1 f(x) = x2 – 14x – 32
x 1

?



3.11 

x2 – 14x – 32 > 0 ]–∞, –2[ ]16, ∞[ 
16 

ax2 + bx + c > 0 ax2 + bx + c < 0
1a)

1a) 2x2 – x – 1 = (2x + 1)(x – 1)
x = 1

1b) 3x2 + 8x – 3 = (x + 3)(3x – 1) 
x = –3 

1h) x2 – 4x + 4 > 0 

1d) 2x2 + 9x + 4 > 0 

1f) –4x2 + 7x – 3 < 0 

1c) 3x2 – 8x + 4 < 0  

1e) –3x2 – 4x + 15 > 0 

1g) 6x2 + x – 1 < 0 

21i) 4x2 – 1 < 0 

2. f(x) 0 x2 – 14x – 32
x = –2 x = 16

–



3.11 2 *

≥ 

≤ 6x2 – 11x – 7 0
x

≥ 6x2 

6x2 – 11x – 7 ≤ 0 2 

1.
2.
3.

1. x

2. x1 x2 x1 < x2 x2 + bx + c x2 + bx + c ≤ 0 [x1, x2] 



3.12 

x2 + bx + c ≤ 0 [x1 , x2] 

p p ≥ 0
≤, > <

3.11

ax2 + bx + c ≥ ≤, >
<

1a) 6x2 – 11x + 3 ≥ 0 

6x2 – 11x + 3 

1g) x2 – 2 ≤ 0 x [– , ] 

1i) x2 ≤1 + 2x

1b) 15x2 + 2x – 1 ≤ 0 

15x2 + 2x – 1 

2

6x2 ≥ 11x – 3 

1h) 4x2 – 3 ≤ 0 

1c) 31x + 15 ≥ – 10x2 1d) 3x ≥ – 20x2 + 2 

1f) 9x2 – 25 ≥ 0 

2

15x2 + 2x ≤ 1  

1e) –6x2 + 23x – 7 ≥ 0 

2. x1 x 2 x2 + bx + c x2 + bx + c = (x – x1)(x – x2) x2 + bx + c ≤ 0 
x ≤ 0 (x – x1)(x – x2) ≤ 0 

• x < x1 x < x1 x – x1  x – x2

• x1 < x < x2 x – x1 x – x2

• x2 < x x – x1 x – x2 
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3.13  

1. f f(x)

2. f(x) 

3.
32

4. 100 50
0.50

5. x

6. 30 2 2 

7. f

8. 



3.13 

1a) f(x) = – (x + 3)2 – 5  –7 ≤ x ≤ –4 –21 ≤ f(x) ≤ 
–6

2a) f(x) = – 2(x + 3)2 + 7  –4 ≤ x ≤ –1 
–1 ≤ f(x) ≤ 7 

3. 32 m 32 m
x y 2x + 2y = 32

y = 16 – x x f(x) f(x) = x(16 – x) = –x2 +
16x f f(x) = –(x – 8)2 + 64

8 m 8 m 64 m2

4. x 50 0.50
100 - 0.5x x

g(x) g(x) = x(100 – 0.5x) = –0.5x2 + 100x g
g(x) = –0.5(x – 100)2 + 5000 100

5. f(x) = –5x2 + 100x f(x) = –5(x – 10)2 + 500
500 m

f(x) = 0 –5x2 + 100x = 0 x = 0 x = 20
20

6. x 30 – x f(x)
f(x) = x2 + (30 – x)2 = 2x2 – 60x + 900

f(x) = 2(x – 15)2 + 450 15

1b) f(x) = 2(x – 2)2 – 4 –1 ≤ x ≤ 1 –2≤ f(x) ≤ 14 

2b) f(x) = (x – 5)2 – 8 1 ≤ x ≤ 8  –8 ≤ f(x) ≤ 8 

7a) f(x) = (x – 3)2 – 9
(0, 0) (6, 0)

7c) f(x) = 2x2 – 8 (0, –8)
(–2, 0) (2, 0)

7b) f(x) = – (x + 5)2 + 4
(0, –21) (–7, 0) (–3, 0)

7d) f(x) = 3x2 + 4x – 1 
(0, –1) 

8a) x2 + 2x – 8 ≥ 0 x ]-∞ -4] [2, ∞[.

8c) x2 + 4x + 4 ≤ 0 x = –2 

8e) – x2 – 6x ≥ 10 

8b) x2 – 5x – 24 < 0 x ]–3 8[ 

8f) 2x2 + 15 < 13x
8g) –3x2 – 11x + 4 > 0 

8h) 5x2 + 3x ≤ 8 

8i) 
–4x2 + 20x – 9 < 0

8j)                                                    x2 + 3x – 5 < 0 

8d)                              



4.1 f(x) = x3

y = x3 

1. 

2. (x, y)

2.

x3 x 3 x

y = x3 x 3 f
f(x) = x3

B A x A
x B 1 y

x f(x)

1. f(x) = x3 (x, f(x)) 
f 1 

2. x = –1 x =1 f(x) = x3 x = –2 x = 2 

3. x = –m x = m f(x) = x3 

1. y x 3
(–1)3 = (–1)(–1)(–1) = –1 



4.1 f(x) = x3

2
y = x3 y = x y = x2

(x y)

x -2 f(x) 2
x f(x)

2. f(x) = x3 f(–1) f(1) f(–1) = –1 f(1) = 1
f(–1) = – f(1) f(–2) = –8 f(2) = 8 f(–2) = – f(2)

3. x = –m x = m f(–m) = (–m)3 = –m3 f(m) = m3 

f(–m) = –f(m) 

2 3

y = x3 f(x) = x3

1. 



4

4.2 f(x) = ax3 a > 0

2. f g h

f(x) = x3

g h

1. g(x) f(x) 2 h(x) f(x) 

2.
a) 3 
b) 3 

f(x) = x3 g(x) = 3x3 

1. f(x) g(x) = 2x3 

a > 0 g(x) = ax3

f(x) = x3 f(x) a

a)
b) x < 0 g(x) f(x) h(x)  f(x) h(x) f(x)
c) x > 0 g(x) f(x) h(x) f(x) 



4.2   f(x) = x3 a > 0 g(x) = ax3 

2
f(x) = x3 a > 0 g(x) = ax3

f(x) = x3 g(x) = 3x3 g(x) f(x) 3 h(x) 

f(x) 



4.3 f(x) = – ax3 a > 0

2. f g

f(x) = x3

1. f(x) g(x) = – x3 

f(x) = ax3 +bx2+cx + d
a 0

f(x) = ax3

f g 

1. g(x) f(x) -1 

2.
a)
b)

a)
b) x < 0 g(x) x f(x) 
c) x > 0 g(x) x f(x) 

f(x) = ax3 a > 0 g(x) = – f(x) = – ax3 x f

f f(x) -1

f(x) g(x) 



4.3  f(x) = x3 a > 0 g(x) = – ax3 

2
f(x) = x3 a > 0

g(x) = – ax3

f(x) 4.2

a) f(x) = 2x3 g(x) = – 2x3  g f
x

c) f(x) = 3x3 g(x) = – 3x3 g f
x

b) g
f x



4

2. 1 f g (x, f(x)) (x, g(x)) 

3. f g 1 3 

4.4 

1. x f(x) g(x) 

2. (x, f(x)) (x, g(x)) 
f g

1.



l(x) g 1 3 

k 0 f x
|x| f x x

|x| f(x) y
y

x
y

xg(x) p q

(k > 0 k < 0)

h(x) f(x – 1) + 3

3. h(x) f 1 2
(a b) h (a - 1 b - 3) f

p > 0 p < 0 q > 0 q < 0 

f g f g p q



4.4  

2
7

a) f1 g1

f g 2 
1 

b) a) 
f1 g1 f g

–2 1 

c) f1 g1 

2 , –1 
d) f1 g1 

–2 –1 

4.5. 
k p q

a h k

p > 0
p < 0

q > 0
q < 0



4

1. h
2. h
3. h

4.5 *

1. h(x) 1 3 
y=0 (x ) x=0 (y ) f

y=3 x =1 h

2. y = 3 (0, 3) x = 1 (1, 0) h

h

3. h x 1 h
]–∞ 1[ ]1 ∞[ h(x) ]–∞ 3[ ]3 ∞[

k k p q
y=q x=p h

Dh =]–∞ p[ ]p ∞[ Rh = ] –∞ q[ ]q ∞[ 

h(x) 



4.5 f

a)    y = 1 x = 2

2 

1 

c) y = –1 x = –1 d) y = 1 x = 2

b) y = 1 x = –2

–2 

1



4.6 

1. (x + 1) (x – 2) 

2. f(x) 

1. 

x + 1 = 1(x – 2) + 3 x – 2 

2. f 2 1 

f y = 1 x = 2 

p(x) q(x) 
a b d 0 c≠0 

f

f



4.6 

4.5

a) (2x – 1) (x – 1) 2x – 1 = 2(x – 1) + 1

b) (x + 3) (x + 2) x + 3 = (x + 2) + 1 

c) (–x + 3) (x – 2) –x + 3 = –(x – 2) + 1 

y = 2 x = 1 

1 2 

y =  1 x = –2 

–2 

1 

y = –1 x = 2 

2 –1 



4

4.7 

2. (x y) 
3. x y

2.

3. y x x [0 ∞[ 

f x 2 g x
-1

[0, ∞[ 
Rf = [0 ∞[ Rg = ]–∞ 0] 

f

1. 

1.

[0 ∞[ a
a ≠ 0 [0, ∞[

1. a > 0 f [0 ∞[ x
2. a< 0 f [0,]–∞ 0] x



4.7 

x

a) a=3 x
3

b) a = –2 x
x

Df = [0 ∞[
Rf = ]–∞ 0]

c) x

Df =[0 ∞[ Rf = [0 ∞[ 

Df =[0 ∞[ Rf = [0 ∞[ 



4.8 

3. 

f

3. 0 Rf = [0 ∞[ 

a 0
f g x g

[0 ∞[

1. a > 0 f [0, ∞[ y

2. a < 0 f ]–∞, 0] y

f y Df = [0, ∞[ Rf = [0, ∞[ 

f

1. f
2. f(x) 

1. 0 –x ≥ 0 x ≤0 
Df = ]–∞, 0] 

2.



4.8                      

x

a) a = 3 x
f(x) 

b) f(x) = –2x a < 0 x
f(x) 

c) x f(x) 

Df = [0 ∞[ Rf = [0, ∞[ 

Df = ]–∞, 0] Rf = [0, ∞[ 

Df =[0,∞[ Rf = [0, ∞[ 



4

4.9 

1. f(x) = x3 g

2.



4.9 

1b) 1a) g(x) = 4x3 

1c) y = 4x3 x
g(x) = –4x3  

1d) x



2a) 
y = -2 x = 2 

2 
-2 

2 ) 
y = 2 x = 1 
1 

2 

3a)                        Df = [0, ∞[ Rf = ]–∞, 0] 
4.7 

x

3b) Df = [0, ∞[ Rf =[0, ∞[
f x 4

3c) x
Df = [0, ∞[ Rf = ]–∞, 0] 

3d) x
Df=[0, ∞[ Rf=[0, ∞[ 



4.10 

5. f(x)=x3 g

6. f

4. 

1. f

2. g (–12 0) (–9 3) (–7 –5) 

3. " " 1
10 3000

1 1000



4.10 

21b) 
–3 1 

(–3 1) 
Df = Rf = [1, ∞[ 

1a) y = x2 

3 
Df= 

Rf = [3, ∞[ 

1c)                                          y=2x2 1d)                                            

0.5 cm 
0.5 cm 

0.25 cm 
0.25cm 



2. g(x) = ax2 + bx + c g(–12) = 0 g(–9) = 3 g(–7) = –5
1

a = –1 b = –20 c = –96 b c
g(x) = –x2 – 20x – 96

3. 10 10 – x
1 1000

3000 1000 (10 – x)
3000 + 1000(10 – x) –1000x + 13000

f

6.50

4 ) 2x2  – x – 1 ≤ 0 
2x2  – x – 1 = (2x + 1)(x – 1) 
x = 1 

x2 – 4x – 1 ≥ 0 

4d) 

4a) 12x2 – 5x – 2 = (4x + 1)(3x – 2) 

12x2 – 5x – 2 ≤ 0 

4b) 4x2  + 4x – 15 > 0 
4x2  + 4x – 15 = (2x + 5)(2x – 3) 

4x > –4x2 + 15 

2

2x2 – x ≤ 1 



6a) 4.8

–1 

6b) 5a) 
1 

4.7 

Df = ]–, 0] Rf = ]–∞, 0] 

Df = ]–∞, 0] Rf = [–3, ∞[ 

Df = [1, ∞[ Rf = [0, ∞[ 

Df = [0 ∞[ Rf = [1, ∞[ 

5b) 2.2 f(x) = x3

2
g(x) = f(x – 2) = (x – 2)3

5a) 2.1 g(x) = f(x) + 1 = x3 + 1
f(x) = x3 1

g

6c) 
-3

6d) 
1 



GeoGebra

4 1. 
GeoGebra 

2.
/

3.

GeoGebra
P(–2,5)

5.1 GeoGebra
GeoGebra Geogebra

GeoGebra
GeoGebra PC

GeoGebra Clásico 5
GeoGebra

→ https //goo.gl/ThXbeB→ https //goo.gl/wf5mHx

a) (x, y)
(1,3) Enter

A = (1,3)



b)

7. f(x)
f(x) = 2x – 3

f(x)=2x-3 Enter

g(x) h(x) x
GeoGebra

2. 

GeoGebra
m/n

4.

5.

6. /

8. GeoGebra x2 x^2 f(x) = 3x2

f(x)=3x^2

1. 



5.1 

GeoGebra 2

f(x) = ax2

1a) 

2a) f(x)=-x+3 

2c) h(x)=4x^2 

2b) g(x)=2/3x-5 

1c) 1d) 

1b) 

Q = (4, -0.5)

2d) p(x)=-x^2 

2e) q(x)=1/2x^2 2a) 2e) 



4 

5.2 GeoGebra

1.
a

–10 10 0.1 OK

2. k a
k 0

6. k k 

9 3 f(x) = x2 

1. –5 5 0.001 n n 
–5 

2. P=(n,n^2) P 
3. n

3. f(x)=ax^2 f(x) = 1x2

a f

4. g(x)=f(x)+k 

5. g extremum Extremum(< >)
< > y=g(x)



5.2 f(x) = x2 

GeoGebra
f(x) = ax2 g(x) = f(x) + k

f(x) = x2

1. 

2. P(n, n2) P

3. n
n



5.3 GeoGebra

1. 2 1 a –10 10 0.1 2
h a h 0

2. f(x)=ax^2 g(x)=f(x-h) g 

3. a 1 h
h g 

1. GeoGebra 

2. 3 a h k –10 10 0.1
h k 0

3. f(x)=ax^2 g(x)=f(x-h)+k g 

4. a 1 h k 
f g 

1. GeoGebra

2. m –4 4 0.001 –4 

3. P=(m,m^3) m

4. 0 30 0.001 n 0 

5. Q=(n, sqrt(n)) n
sqrt

1. GeoGebra 2.1 2.8 

2. 4.9 4.10 5 6 



5.3 

GeoGebra
f(x) = ax2 g(x) = f(x – h)

h(x) = f(x – h) + k

1.

2.1 

2.2

2.3

2.4

2.5

2.6 

2.7

2.8
a) f(x)=-x^2+8x-13 b) g(x)=3x^2+12x+11 c) h(x)=2x^2-20x+44 d) p(x)=-1/2x^2+x+3/2 

2.
4.9 

4.10 



20

sin 10 = x cos 20 sin




